Alterations in specific mRNA populations accompany many biological processes within the eukaryotic cell. Such changes may be brought about by cell cycling, cell differentiation, environmental stimuli, or interactions with infectious agents (2) . The identification of host genes that are differentially transcribed following infection of host cells with pathogenic microorganisms would be important in defining and mapping the events that occur inside the infected eukaryotic cell. Characterization of the regulation of these genes could help to decipher the cross talk between microorganisms and the host cell that ultimately either triggers or prevents disease.
To identify mRNAs which are specific for a particular event, most investigators have applied subtractive hybridization procedures that use excess amounts of competing mRNAs to remove transcripts common to both populations, leaving behind unique transcripts (27, 30) . Subtractive hybridization procedures have several drawbacks. These include the following: (i) a large quantity of mRNA is needed, (ii) only transcripts overexpressed in one of the two populations are isolated, and (iii) minor transcriptional differences (Ͻ10-fold) can conceivably be missed. Because of these inherent problems, we chose a PCR-based approach to examine transcriptional differences.
Such changes in transcription have been noted by using arbitrarily primed PCR to distinguish prokaryotic cells grown under different conditions (21) or to delineate tissue-specific differences in eukaryotic samples (40) .
The technique employed in this study is a modification of a previously reported assay (24) that we call a differential PCR (DPCR). Basically, the procedure incorporates a short random 10-mer oligonucleotide primer paired with what is termed an anchored oligo(dT) primer that is complementary to both the poly(A) tail found on most eukaryotic mRNAs (17) and the two specific nucleotides located just upstream of the poly(A) tail. This DPCR technique was adapted to examining transcriptional differences in host eukaryotic cells by amplifying the mRNAs obtained from noninfected cells or cells infected with pathogenic or nonpathogenic bacteria. The DPCR procedure described herein is a new technique that we have further modified during the course of this study to enhance recovery of random, differentially transcribed eukaryotic genes. It differs substantially from our previous work that examined specific eukaryotic stress gene responses to Listeria monocytogenes uptake by utilizing reverse transcription-PCR (RT-PCR) (not DPCR) and gene-specific primers (34) . This DPCR study is a more random approach compared with our previous work, and it has been expanded to include an examination of Salmonella typhimurium, Shigella flexneri, and Escherichia coli. Several previously unidentified gene fragments whose corresponding genes as well as the same conditions, but 200 M dNTPs rather than 40 or 70 M dNTPs were used and only 40 cycles of amplification were performed. For DPCR optimization, the concentrations of the primers were 50 pmol for each random primer and 500 pmol for each anchored primer. In addition, the annealing temperature was increased to 45ЊC. The optimized DPCRs used labeled anchored primers, and so the ␣-35 S-dATP was omitted. Anchored primers (1,000 to 2,000 pmol) were end labeled with 50 Ci of [␥- 32 P]ATP (Amersham) and 2 U of T4 polynucleotide kinase (Pharmacia) according to the method of Sambrook et al. (32) . To minimize the amplification of contaminating DNA, the total RNAs were digested with DNase I for 45 min at 25ЊC and this digestion was followed by phenol-chloroform extractions and reprecipitation in two volumes of 100% ethanol. This DNase I treatment was repeated a second time.
Processing of DPCR products. A schematic representation of the DPCR amplification and processing is shown in Fig. 1 . DPCR-amplified products were separated on 5% sequencing gels and visualized by autoradiography with X-ray film exposed for 18 to 72 h. Bands showing differences were cut out from the dried sequencing gels, electroeluted in 1ϫ Tris-borate-EDTA buffer inside dialysis tubing for 20 min at 80 V, and ethanol precipitated with 2 volumes of 100% ethanol and 1/10 of a volume of 5 M ammonium acetate. Isolated DNAs were PCR amplified again as described above and processed from 1.5% low-meltingpoint agarose (Gibco/BRL) as previously described (35) . Gel-isolated DNAs from the PCRs were processed with the Sure Clone Kit from Pharmacia (Freiburg, Germany) and ligated into SmaI-digested pTZ18R (Promega) according to standard procedures (32) . Recombinant plasmids were transformed into DH5␣ cells (10) , and the transformants were screened for white colonies on Luria agar containing 100 g of ampicillin per ml with a 5-bromo-4-chloro-3-indolyl-␤-D-galactoside (Sigma) overlay (32) . DNA preparation and sequencing. Plasmid DNAs were prepared either by the alkaline lysis procedure (3) or by a Triton X-100 extraction procedure (8) . Chromosomal DNA from L. monocytogenes was prepared as previously noted (13) . Sequencing of double-stranded plasmid DNA was done by the dideoxy termination procedure (33) using a T7 polymerase sequencing kit (Pharmacia).
Northern (RNA) blot hybridizations. Ten micrograms of total RNA per lane was run on 1% denaturing agarose gels as previously described (35) . The probes for the Northern blot hybridizations were the RT-PCR products of WS17-B5/6, WS30-B2/1, and WS10-B4/14 prepared as previously described (35) and labeled with the Prime-It RmT kit (Stratagene, La Jolla, Calif.) according to manufacturer's instructions. Each probe was hybridized with RNA from infected and noninfected J774A.1 cells transferred to nylon membranes (Amersham, Arlington Heights, Ill.). Hybridization conditions were 60ЊC for 16 to 20 h in a solution containing 4ϫ SSPE (1ϫ SSPE is 0.18 M NaCl, 10 mM NaH 2 PO 4 , and 1 mM EDTA [pH 7.7]), 10% dextran sulfate, 0.5% sodium dodecyl sulfate (SDS), 5ϫ Denhardt's solution, and 0.1 mg of salmon sperm DNA (Digene, Beltsville, Md.) per ml. Filters were washed with 1ϫ SSC (0.15 M NaCl plus 0.015 M sodium citrate)-0.1% SDS for 15 min at room temperature, 2ϫ SSC for 10 min at 60ЊC, and 0.1ϫ SSC-0.1% SDS for 30 min at 60ЊC. These filters were exposed to X-ray film with an intensifying screen at Ϫ80ЊC for 2 h to 8 days. Some filters were stripped of radioactivity by using boiled 0.1% SDS, and the RNA was reprobed with a labeled ␤-actin PCR product, prepared as described above. Reprobed filters were processed as described above. To determine quantitative differences between bands, filters were analyzed for densitometry with a PhosphorImager (Molecular Dynamics, Sunnyvale, Calif.).
Nucleic acid analyses and homology comparisons. All cloned sequences were compared with sequences in the EMBL and GenBank databases for nucleic acid homologies by using the FASTA program of the University of Wisconsin Genetics Computer Group (11) . Searches for open reading frames (ORFs) were performed with the DNA Strider 1.0 program.
Nucleotide sequence accession numbers. All sequences have been entered into the GenBank database under accession numbers U19512, U19513, U19514, and U19515.
RESULTS
Analysis of mRNA differences between noninfected and infected J774 cells using DPCR. The DPCR technique was used initially to determine any transcriptional differences in genes from J774 macrophage cells before or after infection with the facultative intracellular pathogen L. monocytogenes. This procedure used low annealing temperatures and a large number of cycles to amplify cDNAs in both populations, and the radiolabeled products were separated on sequencing gels. By using cDNAs synthesized with the respective anchored primers, the total percentage of the cDNA (mRNA) population amplified by the subsequent DPCR was reduced, allowing better visualization of the radiolabeled amplified products. The DPCR procedure displayed between 40 and 200 radiolabeled bands per lane (Fig. 2) . Most of the products from the noninfected cells were found at equal amounts in the L. monocytogenesinfected samples. However, a few DNA bands were present or intensely labeled only under one of the conditions (infected or noninfected cells). Similar band patterns were demonstrated repeatedly after three or more separate analyses. The four DNA fragments consistently showing the most pronounced differences (B4/14, B1/5, B9/9, and B5/6 [arrows in Fig. 2] ) were extracted and cloned into pTZ18R, and both strands of the cloned fragments were then sequenced.
Optimization of the DPCR procedure. The original DPCR procedure generated useful fragments (Fig. 2) , but some technical problems were observed. One of the more serious problems with DPCR is the detection of false-positive bands on the sequencing gel because of the presence of contaminating DNA. The use of two digestions with DNase I after initial RNA isolation was found to substantially reduce the amount of chromosomal DNA present in the preparations (data not shown). Although other investigators have tried to reduce the number of false-positive bands by reducing the number of PCR cycles to 40 (23-25, 40, 41) , visible products could be detected in our system only when a total of 80 cycles were run for each DPCR (data not shown).
Another problem with our original DPCR procedure (displayed in Fig. 2 ) was that gene fragments containing the random primer on both ends were frequently isolated. Under these circumstances, amplification of contaminating chromosomal DNA cannot be ruled out. To address this problem, the amount of random primer was decreased to 50 pmol and a 10-fold excess of the anchored primer (500 pmol) was also added. Furthermore, the annealing temperature was increased from 40 to 45ЊC. These modifications resulted in fewer bands, and the remaining bands gave distinct, reproducible patterns on the gels. Since a smaller number of bands were detected at the higher annealing temperature, we tested to determine whether the annealing of the anchored primer was affected. As shown in Fig. 3A , the end-labeled anchored primer T 12 GC bound with the same efficiency (same number of bands and same intensities for each band) at both 40 and 45ЊC. Therefore, the reduction in the number of bands at 45ЊC was probably due to the loss of gene fragments carrying the random primer on both ends, thus selecting for fragments with an anchored primer on one end and a random primer on the other end.
The number of DPCR products generated was also influenced by the type of anchored primers used in the assay. Several end-labeled anchored primers were examined, and the quantity of DPCR products varied considerably, depending on the choice of the two additional 3Ј bases found on each anchored primer (Fig. 3B) . The anchored primer with the sequence T 11 AA did not show any binding to the cDNA templates, whereas the T 11 CA, T 12 GC, and T 11 GG primers all generated multiple labeled bands on the sequencing gel. In addition, the choice of a random primer further influenced the DPCR results. The primer combination T 12 GC and SS-1 yielded more bands than the T 12 GC and SK-1 primer pair (Fig.  3A) . These results suggest that certain sequences are more highly represented than others in the cDNA population and that the choice of both the anchored and the random primers FIG. 2. DPCR results. Total RNA was isolated as described previously (7), and cDNA was synthesized with an anchored primer as described in the text. Two anchored oligonucleotide primers were used (T 11 GC and T 11 CA) paired with one of three random primers (RP10-1, PLCA2, or RP10-3). Both noninfected (NI) and L. monocytogenes-infected (M) J774 cDNAs synthesized from mRNAs were examined. The PCR products were separated on 5% sequencing gels. Arrows point to bands that exhibited differences when the two lanes were compared. These bands (B4-14, B1/5, B9/9, and B5/6) were extracted and processed as described in the text.
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Confirming differential transcription of the respective genes. To confirm that the DPCR-generated bands were really differentially regulated, primer pairs were generated (Table 1) from the determined primary nucleic acid fragment sequence and used to PCR amplify cDNAs from noninfected and L. monocytogenes-infected cells after 0 h (a set time point at which gentamicin was added to the cultures following a 45-min infection with the bacteria to kill extracellular bacteria), 2 h, and 6 h following infection with the bacteria. The amount of cDNAs used in each experiment was normalized by control PCRs with primers specific to ␤-actin (29) ( Table 1) . These PCR results with the four pairs of primers generated from the four cloned gene fragments correlated with the patterns shown for the original products on the sequencing gels (Fig. 2) . For the gene fragments WS10-B4/14 ( Fig. 4) and WS30-B2/1 (data not shown), downregulation occurred following infection at 2 h. The WS11-B1/5 gene appeared to be transcriptionally activated early after infection, whereas both WS13-B9/9 and WS17-B5/6 showed activation at a later time point (2 h). Induction of WS13-B9/9 appeared to be less than that of WS11-B1/5 and WS17-B5/6. In all cases, the changes in transcription that were noted remained through 6 h of exposure to L. monocytogenes. All PCR amplifications were done at least three times with cDNAs from at least two separate RNA extractions. As shown in Fig. 4 , the fragments isolated revealed differential activation or repression as a consequence of L. monocytogenes uptake.
To confirm that the fragments were not artifacts of the system, several control analyses were performed. The total RNA (not cDNA) from L. monocytogenes-infected J774 cells was used in a PCR amplification series with the primers used for Fig. 4 as well as a primer pair specific to the L. monocytogenes chromosomal virulence gene actA, which is involved in actin polymerization in the host cell (12, 19) , to confirm that the bands were not the result of DNA contamination in the preparations. No amplification products were detected (Fig.  5) . Furthermore, chromosomal DNA from L. monocytogenes was also PCR amplified with the same five sets of primers to show that the products were from the eukaryotic cells and not the prokaryotic cells. Only the lane amplified with the actA primers showed any product (Fig. 5, lane 6) . These control studies confirmed that the amplified DNA fragments are of eukaryotic mRNA origin and are not the result of contaminating eukaryotic DNA or of prokaryotic mRNA. Quantitative determinations of mRNA induction after infection. The PCR results shown in Fig. 4 are qualitative. To determine the extent of the transcriptional differences more precisely, limiting-dilution PCRs were run with cDNAs from cells infected for 2 h with L. monocytogenes and from noninfected samples by using the primer pairs specific to the four gene fragments. These analyses showed an approximately fourfold decrease in transcription for WS10-B4/14 and a twofold decrease for WS30-B2/1 (data not shown), but the genes for the other three fragments were all transcriptionally activated twofold (WS13-B9/9) or eightfold (WS11-B1/5 and WS17-B5/6) after infection (Fig. 6A) . As with the other PCR amplifications, the limiting-dilution PCRs were performed at least three times with a minimum of two separate RNA preparations.
Northern blot hybridizations were also conducted to confirm the PCR results. Patterns similar to the PCR results were observed for transcripts of gene fragments WS10-B4/14, WS17-B5/6, and WS30-B2/1 (Fig. 6B) , although the differences were not as substantial as those seen by limiting-dilution PCR (Fig. 6A ). An approximately twofold decrease in the transcript level was observed for WS10-B4/14, an approximately 60% decrease was observed for WS30-B2/1, and an approximately sixfold increase was observed for WS17-B5/6 (MKP-1) in L. monocytogenes-infected J774A.1 cells compared with noninfected host cells. The size of the WS17-B5/6 transcript (1.9 kb) was similar to the predicted size of MKP-1 (6). For controls, filters were stripped and reprobed with a labeled ␤-actin probe to ensure that RNA levels for all lanes were approximately equal.
Nucleic acid analyses of the gene fragments. Sequence analysis revealed that three of the differentially transcribed fragments had the anchored primer sequence at one end and the random primer sequence at the other end. However, WS13-B9/9 had the random primer PLCA2 on both ends of the fragment, as did WS30-B2/1 (primer RP10-3 on both sides). The sizes of the cloned cDNA fragments were as follows: WS10-B4/14, 288 bp; WS11-B1/5, 426 bp; WS13-B9/9, 371 bp; WS17-B5/6, 372 bp; and WS30-B2/1, 834 bp. A search for potential ORFs was also performed for all defined fragments. Four of the five fragments had no potential recognizable ORFs, but there was one possible ORF in the second frame of the WS13-B9/9 fragment. Since the fragments that were identified by DPCR were apparently from differentially transcribed genes, we sought to determine if they possessed homologies with any known genes. Computer searches of the EMBL and GenBank databases indicated that there were no known homologies for the WS10-B4/14, WS11-B1/5, WS13-B9/9, or WS30-B2/1 gene fragment. On the other hand, the WS17-B5/6 sequence with the anchored primer on one end and the random primer on the other end showed 99.3% homology with the sequence for murine mitogen-activated protein kinase phosphatase (MKP-1; Fig. 7 ) that was originally isolated from fibroblast cells (6) .
Distinguishing L. monocytogenes-induced eukaryotic transcriptional regulation from general phagocytic events. Because phagocytosis alone can lead to changes in the host cell, we wanted to determine if the observed differentially transcribed products resulted from changes occurring during general phagocytosis or from a bacterial species-specific event. To answer this question, the J774A.1 macrophage cells were infected for 2 h with S. flexneri M90T, L. monocytogenes EGD, S. typhimurium LT2, E. coli HB101, or latex beads. The cDNAs synthesized from the respective RNAs of these infected cells were compared with cDNAs from noninfected cells by PCR amplifications with the primer pairs used for Fig. 4 . Infection with L. monocytogenes or S. flexneri elicited transcriptional downregulation of the gene for WS10-B4/14, whereas infection with latex beads, E. coli, or S. typhimurium had no effect (Fig.   FIG. 5 . Control experiments with eukaryotic RNA and L. monocytogenes chromosomal DNA. Standard PCRs were run by using L. monocytogenes-infected J774A.1 total RNA (lanes 1 to 5) or L. monocytogenes chromosomal DNA (lanes 6 to 10). The following primer pairs were used: ActA1-ActA2 (lanes 1 and 6), B4-14A-B4-14B (lanes 2 and 7), B1-5A-B1-5B (lanes 3 and 8) , B9-9A-B9-9B (lanes 4 and 9), and PTP5-PTP6 (lanes 5 and 10). The PCR products were run on a 1.5% agarose gel. The 1,054-bp ActA product is shown by the arrow. A HinfI-digested pBR322 standard (Std; Boehringer Mannheim) was used to estimate the size of the DNA fragment. 
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HOST DIFFERENTIAL TRANSCRIPTION AFTER BACTERIAL UPTAKE 95 8). It also appeared that uptake of bacteria, but not latex beads, caused transcriptional activation of WS13-B9/9 (Fig. 8) . Uptake of the intracellular pathogens (L. monocytogenes, S. flexneri, and S. typhimurium) gave rise to a pronounced transcriptional activation of WS17-B5/6 (MKP-1), which was only slightly induced by E. coli or latex beads. Lastly, WS30-B2/1 appeared to be specifically downregulated by invasion of L. monocytogenes, since neither S. flexneri nor S. typhimurium had any effect. The control lane showed consistent amounts of ␤-actin mRNA for all treatments. These findings reveal different classes of transcriptional responses, some that are regulated after uptake of a specific bacterial species and some that are probably due to a general phagocytic event. (Fig. 9) . In contrast, infection of INT407 cells with all three bacterial species led to activation at 0 h. These results suggest that the transcription of specific eukaryotic genes can be affected by both the bacterial species used for infection and the eukaryotic cell line being tested.
Kinetics of MKP-1 activation by the intracellular pathogens. Previously, we have demonstrated that
Assessing differential transcription through the use of L. monocytogenes mutants. Four of the five gene fragments that have been identified herein have no homologies with any known genes. To attempt to understand the cell biology involving these genes inside the host cell, a battery of L. monocytogenes mutants was studied. Some of these mutants have been studied before to characterize host stress gene responses to L. monocytogenes infection (34) . An examination of the transcriptional response of WS10-B4/14 showed downregulation when wild-type L. monocytogenes or a plcA mutant was used (Fig. 10) , whereas all other mutants had reactions similar to those of noninfected cells. On the other hand, only hly and prfA mutants failed to show differential transcription when responses of WS30-B2/1 or MKP-1 (i.e., responses equal to that of noninfected cells; Fig. 10 ) were studied. The other mutants, including those with mutations in mpl and actA involved in actin polymerization and intrahost spread (12, 19, 36) (34) is the possibility of identifying new eukaryotic genes or genes never before associated with host-microbe cross talk. This DPCR procedure used a low annealing temperature to amplify cDNAs derived from mRNAs extracted from noninfected or L. monocytogenes-infected J774 macrophage cells. Even though the DPCR used a low stringency, the band patterns were reproducible, although sometimes there were minor changes in the intensities of the bands. Two concentrations of dNTPs were always used to run the DPCRs to control for concentration effects and to have a duplicate set of reactions. Because many cycles of amplification are used, low-copy-number transcripts within the host cell could theoretically be detected by this procedure. To increase the binding efficiency of the anchored primer in a DPCR, we have optimized the procedure to include a 10-fold excess of anchored primer and we have increased the annealing temperature to 45ЊC. These modifications resulted in a cleaner band pattern due to the loss of gene fragments with the random primer at both ends. Furthermore, the choice of the anchoring nucleotides of the anchored primer appears to affect the number of DPCR products that are amplified. As shown in Fig. 3B , both 3Ј nucleotides of the anchored primer provide binding specificity, in contrast to a previous report which suggested that the penultimate base from the 3Ј end may exhibit considerable degeneracy (23) . In addition, DPCR amplification was also dependent on the choice of the random primer as demonstrated by the abundance of bands with the SS-1 primer compared with the paucity of bands with the SK-1 primer when both sets of DPCRs used the same anchored primer (Fig. 3A) . The DPCR products that were differentially amplified either showed a greater intensity or were found only in one sample and not in the other (Fig. 2 ; compare infected and noninfected samples). All of the four gene fragments extracted from the sequencing gel shown in Fig. 2 demonstrated similar patterns in subsequent standard PCRs run with primers generated from their cloned sequences. Not all of the fragments that were initially identified and characterized showed differential transcription. Some of the bands from the sequencing gel with apparent differences did not display transcriptional regulation following confirmation by RT-PCR. This may be attributed to annealing of the primers at an earlier cycle in one sample versus the other or to differences in the condition of the cDNA template in the two preparations.
Analyses of all five gene fragments defined in this report showed that both transcriptionally downregulated (WS10-B4/14 and WS30-B2/1) and activated (WS11-B1/5, WS13-B9/9, and WS17-B5/6) genes could be detected, even in the same sequencing gel (Fig. 2, T 11 GC ϩ RP10-1) . Transcriptional regulation of all genes was less than 10-fold as measured by limiting-dilution analysis. These differences would probably have been missed by a subtractive hybridization procedure because of the excess amount of mRNA that is needed for the subtraction. Furthermore, both downregulated and activated genes were isolated, and this would be very labor-intensive to accomplish by subtractive hybridization (27, 30) . Together these characteristics of the DPCR procedure make it highly advantageous for the study of transcriptional differences between noninfected and microorganism-infected host cells.
When a bacterium interacts with a host cell, a series of events occur that are sometimes specific for the particular organism that interacts with the host cell, such as different types of protein phosphorylation (38) or other changes within the host cell (1, 4) . Early induction of the WS11-B1/5 gene suggests that adherence to the host cell or phagocytosis of the bacteria is the trigger. However, four of the five genes were transcriptionally regulated only after 2 h of infection. Previously, we have shown that specific host stress genes can be differentially transcribed at either early or late time points following infection with L. monocytogenes (34) . The gene represented by fragment WS13-B9/9 was transcriptionally activated by engulfment of any of the bacteria employed herein but not by latex beads. These data suggest either that uptake of bacteria may trigger the induction of this particular gene at a low level or that a protein common to most bacterial species, such as peptidoglycan or another ubiquitous protein, was affecting host cell transcription.
Phagocytosis of L. monocytogenes, S. flexneri, or S. typhimurium induced a marked upregulation of MKP-1, whereas E. coli and latex beads induced only a slight activation. General phagocytosis in part seems to activate MKP-1 transcription, but uptake of intracellular pathogens further increases the transcription of this gene. Furthermore, the eukaryotic cell type analyzed also has a bearing on the transcriptional response at least for MKP-1. In macrophage cells, 2 h must elapse before MKP-1 is induced after infection with Shigella or Listeria organisms, but less time (0 h) is required for Salmonella organisms. When INT407 human epithelial cells were tested, all three species of bacteria induced upregulation of MKP-1 at 0 h. It is known that Salmonella organisms cause membrane ruffling and triggering of signal transduction pathways when associated with epithelial cells (14, 15, 26) . L. monocytogenes and S. flexneri can also elicit morphological changes in epithelial cells following adherence and invasion (1, 18) . These cellular changes could explain the quick induction of MKP-1 in INT407 cells infected with Listeria, Shigella, or Salmonella organisms. Both the eukaryotic cell type and the bacterial species used in invasion assays influence the transcriptional responses, each pairing having specific opportunities for cross talk between the host and bacterial cells.
It appears that uptake of either L. monocytogenes or S. flexneri may regulate the gene of WS10-B4/14, since uptake of either E. coli or S. typhimurium (Fig. 8) does not downregulate this gene. Escape from the phagosome appears to be necessary to trigger this event. Neither E. coli HB101 nor Salmonella VOL. 64, 1996 HOST DIFFERENTIAL TRANSCRIPTION AFTER BACTERIAL UPTAKE 97 organisms exit the vacuole, and they both failed to downregulate the gene. In addition, a hemolysin mutant (hly) and a positive regulatory factor (prfA) mutant (positively regulates several virulence genes, including that for hemolysin [22] ) did not cause downregulation of WS10-B4/14. Both mutants are unable to escape from the phagosomes of host cells (20) . Furthermore, mutations in mpl (a gene for metalloprotease that is linked with processing of ActA [36] ) or actA (ActA protein is involved in actin polymerization and intrahost bacterial spread [12, 19] ) were also unable to cause downregulation of the gene. Several events that lead to intracellular and intercellular movement of the bacteria occur within the host cell. Proteins thought to play roles in this movement in addition to actin include ␣-actinin (9, 28), tropomyosin (9), ABP-280 (37), profilin (39) , and possibly other cytoskeletal components (37) . Besides having possible associations with these eukaryotic proteins, L. monocytogenes ActA is phosphorylated in vivo (5), although it is unknown whether this phosphorylation is due to a host or bacterial kinase. If a host cell kinase is participating, this has the potential to involve signal transduction pathways in the eukaryotic cell that may involve WS10-B4/14. Finally, a downregulation of WS30-B2/1 occurred specifically after infection of J774 cells with L. monocytogenes. The other intracellular pathogens tested (Shigella and Salmonella organisms) showed no difference in J774 transcription compared with noninfected cells. As seen with MKP-1 regulation, bacterial escape from the phagosome apparently triggers downregulation of this gene, since hly and prfA mutants have no effect, and the MKP-1 induction takes 2 h after infection to occur.
Each bacterial species is capable of eliciting unique (e.g., Shigella organism-infected macrophage cells undergo apoptosis [43] ) as well as common reactions within the host cells that it invades. Our analyses indicate that the transcriptional responses observed thus far fall into at least three groups. The first group appears to be regulated by general phagocytosis. This group would include WS13-B9/9 and in part MKP-1, although MKP-1 is additionally activated by uptake of intracellular pathogens. A second group of responses may be linked to cellular events inside the host cell. Both Shigella organisms and L. monocytogenes escape from the phagosome and downregulate WS10-B4/14. The third group represent transcriptional responses that are bacterial species-specific, regulatory events as exemplified by WS30-B2/1.
What are these genes that are differentially transcribed? Homology searches indicated that four of the five sequences had no homology with known DNA sequences found in data banks. It is conceivable that two of these gene fragments (WS10-B4/14 and WS11-B1/5) represent the untranslated 3Ј end of each respective gene because the anchored primer was found on one end of the sequence and no significant ORFs were deduced from the DNA sequence. Frequently, the untranslated regions of genes are not entered into the databases, and so we would not find homology. One potential ORF was discovered in the WS13-B9/9 sequence, which has the random primer located on both ends of the fragment. In this case, it is possible that this sequence is part of a functional ORF, but evaluation of this possibility awaits further characterization of more of the gene. Although four of the five sequences showed no homologies, the WS17-B5/6 sequence exhibited 99.3% homology with MKP-1 (6). This MKP-1 protein is a dual-specificity tyrosine/threonine phosphatase that can dephosphorylate and hence inactivate the mitogen-activated protein kinase (MAPK) in vitro (42) . Using a different approach, we already have shown by RT-PCR with gene-specific primers that MKP-1 is transcriptionally activated after L. monocytogenes uptake (34) . Recent work (38) has demonstrated that MAPK in host cells is phosphorylated and hence activated following uptake of L. monocytogenes into epithelial cells at an early time point. However, the kinase becomes dephosphorylated and presumably inactivated at 1.5 h after infection, a time point that coincides with transcriptional activation of MKP-1 that we have previously observed (34) . Phosphorylation of MAPK also occurs after Salmonella organism uptake (26) , and so it is not surprising to see activation of MKP-1 in Salmonella organisminfected host cells. Apparently, MAPK activation is needed during the initial stages of L. monocytogenes, S. flexneri, or S. typhimurium uptake, but the continued activation at later time points may be detrimental to the bacteria; hence the induction of MKP-1 to inactivate MAPK. As previously mentioned, transcriptional regulation of WS10-B4/14, which is affected at 2 h after infection with L. monocytogenes, may be due to the Listeria organisms escaping from the phagosome and entering the cytoplasm, or alternatively this regulation may be due to the initial uptake into the host cell. We would favor the former model, since S. typhimurium does not leave the phagosome and does not appear to downregulate WS10-B4/14.
With this novel DPCR procedure, we have identified one gene fragment that appears to be directly involved in signal transduction events in the infected cell (MKP-1). The other unidentified gene fragments could perhaps be new genes involved in cell regulation because small fluctuations in the amount of regulatory proteins can have a profound effect on cellular function (2) . The DPCR technique will be useful in the characterization of unknown genes involved in the host cell cross-talk with pathogenic microorganisms, which may lead to a better understanding of both eukaryotic cell biology and disease pathogenesis.
